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SUMMARY

Drag problems associated with the addition of external stores to airplanes
are reviewed. Current analytic technigues for estimating drag penalties associ-
ated with the addition of stores in both subsonic and supersonic flight are dis-
cussed. In subsonic flight, the drag penalty caused by the addition of external
stores is shown to be a function of the type of store installation. In super-
sonic flight, drag is shown to be a function of the type of store installation
and also of the location of the store installation with respect to the rest of
the airplane components. Speclal store arrangements and sttention to the design
of the store itself can reduce the drag penalty of the store installation.

INTRODUCTION

The current trend in military airplanes i1s toward carrying & large variety
of external stores in the form of bombs, rockets, rocket launchers, and fuel
tanks. The essence of the problem associated with these external stores is that
the aerodynamicist designs the airplane to be essentially "clean" as.shewn i
figure 1, while the airplane will probably fly in sop clean cqnflguratlon,
as shown in figure 2. The addition of external stor %%?s.é%mblnatlons
and by various methods of attachment can lead to pre 3 creases in drag
and perhaps compromise the mission of the airplane. In flgure 2 are shown only
a few of the possible arrangements of stores - it has been estimated that there

CLEAN CONFIGURATION

Figure Iy Figure 2
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are roughly 17 million store combinations ﬁoséiﬁlé“bn one currently operatio%él
Navy airplane.

A great quantity of data on external stores has been published in the past
15 years by the NACA, the NASA, and other research organizations. A rather
extensive bibliography which covers such problem areas as store effects on per-
formance, store characteristics, and configuration and interference effects is
included herein. A parallel bibliography, covering store separation character-
istics and store loads, is contained in reference 1.

The present paper is concerned with the drag characteristics of the store-
airplane configuration. Selected data from some of the reports in the bibliog-
raphy are presented and some general conclusions regarding store drag are made.
A directory of the bibliography is included in table I as a convenience to the
reader in locating specific information.

SYMBOLS
Cp drag coefficient
D diameter of store
M Mach number
I'?g store nose radius

A 1ncrem%1 :
Subscripts: . ég
ip last pair

meas measured

min minimum

o} zero lift

store isolated store

DISCUSSION OF ANALYTIC TECHNIQUES

The discussion of analytic techniques is limited to some of the fundamental
problems associated with the drag of external stores or of the store-airplane
combination. The basic factors which must be considered in estimating the zero-
1lift drag of the airplane with external stores in the subsonic region are skin-
friction drag, base drag, form drag, and interference drag. Estimates can be




readily made for the skin-Peiction *drak) bdsé drag, ‘and fgfﬁ“dfgg by using
Well-documented techniques, as all these drag components are essentially the
drag components of the isolated store. Interference effects, particularly
store-store interference where stores are mounted in close proximity, may lead
to a significant drag increase. Some limited data on these effects exist and
are included in the bibliography. There is, however, a lack of information on
the drag of such installation details as fuses, mounting lugs, sway braces,

et cetera, and consequently, these. details are not considered in the drag
analysis. ‘

Pactors to be evaluated in the supersonic region are skin-friction drag,
base drag, asymmetry and interference drag, and wave drag. Skin-friction
and base drag can be estimated by using well-known techniques, asymmetry
drag and interference effects can be estimated by using techniques described
in reference 2, and the wave drag, which must be estimated for the store and
airplane in combination, can be calculated by using a method programed for
an electronic computer. This zero-lift wave-drag program is described in
reference 3.

It should be pointed out that, although great quantities of wind-tunnel
external-store data exist, in many cases insufficient knowledge of the nature
of' the boundary layer leads to inaccuracies in skin-friction estimation and
extrapolation to full-scale values.

Within the supersonic region, the accuracy of the drag estimates also
depends on how closely the configuration satisfies the assumptions of linea-
rized theory upon which the computer programs are based. Numerous close
.correlations have been made by using these estimating techniques on various
versions of supersonic-transport configurations. These designs are generally
long and slender with thin wing sections and with all components integrated to
produce a low-drag configuration. The average fighter airplane, however, is
not likely to be slender; the wing elements may be relatively thick; and the
external stores may be added with little regard to favorable interference
effects. Figure 3 shows the correlation

between theory and experiment obtained for ANALYSIS AND CORRELATION

a current fighter airplane in the transonic ;

and supersonic flight regimes. The con-~

figuration is a variable-sweep airplane :

with the wings swept fully aft. The

experimental data are from references 4 o6r EXPERIMENT THEORY 0 STORES
and 5. The stores are pylon mounted ' —0— —— 2STORES
beneath the wing - four stores for the oal O T 4STORES
transonic region and two stores for the. Cop -oenf(OO T:EE:?E?:D
supersonic region. The level of drag for " oal

the stores-off configuration is predicted

very well in the subceritical Mach number L. s : s .44
range, and the increment due to the addi-~ o6 o la g8 22 26
tion of stores is also predicted very

closely. ’ Figure 3




In the superschic region, the gstimated drug-for the stores-off configura-
tion is less than that for the experiment. The increment between the stores-pn
data and stores-off data 1s predicted reasonably well by the analytic methods.
It appears that some further refinement of the analytic techniques would be
useful in meking more accurate quantitative estimates of the drag characteris-
tics of configurations such as this.

DISCUSSION OF EXPERIMENTAL DATA

The remsinder of this paper is concerned with a number of particular store
installations. Most of these store arrangements are typical of those found on
current fighter airplanes.

Analysis of the data in figure 4 gives an idea of the subsonic drag pen-
alty associated with several types of store installations. The data in fig-
ures U and 5 were taken from a number of the reports in the bibliography. The
ordinate is the increment in experimental zero-lift drag due to the addition of
the store or stores. The abscissa is the drag of the isolated store multiplied
by the number of stores in the installation. All coefficients are based on the
wing area of the particular configuration. No‘attempt was made to predict the
drag increment of the store-support system; thus, the experimental value is the
total drag penalty of the store and installation. The solid line represents
equality between the experimental drag increment and the isolated store drag.
Examples of the more common installations are the pylon-mounted single store,
the pylon-mounted multiple rack, and the tangent-mounted store, where the store
is mounted flush with the aircraft surface. Less common perhaps is the semi-
submerged installation. It is not surprising that this semisubmerged' installa-
tion shows low values of measured drag compared with the isolated store drag
since roughly half the wetted area is submerged within the sirplane.

INCREMENTAL STORE-INSTALLATION DRAG

INCREMENTAL STORE-INSTALLATION DRAG
SuBSoNtc SUPERSONIC
0I61 o 08 Jtoza)  leoion
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In general, for stores’ car“lel

completely, externaA to! ﬁbﬁ iircraft the

tangent mount and the pylon-mounted élngle étore lead to only small drag pen-
tles, while the pylon-mounted multiple-rack installation causes a fairly

sizable drag penalty.

Figure 5 illustrates the same type of analysis for the supersonic Mach

nunmber range.

Again, the total measured increase in zero-1lift drag due to the

installation of the store or stores is plotted against a simple multiple of the

isolated-store drag.

for the particular configuration.

2.5.
points in figure 5.

point

Data point (:)

with four Falcon missiles.
the skin friction of the rather large end-plate installation.
noted that some decrease in the store drag increment occurred at 1ift.

Here again the coefficients are based on the wing area
: The Mach number range is from about 1.4 to
Figure 6 shows sketches of the various installations keyed to the data

is for a model of a current fighter airplane
The increment of instsllation drag is due in part to

It should be
Data

represents the same type of .configuration but with two Falcon missiles.

The deviation from the line of equality is somewhat less for this installation

than for installation

edge of the wing.

. However the decrease in the drag increment at 1ift
for installation (:) is negligible. Installation (:) is a rather unigue
mounting system; that is, the gix missiles were sting mounted on the leading

A portion of the drag reduction is undoubtedly due to the

elimination of missile base drag by the support system. _Installation.C:) is for

the underwing installation of the same six missiles.

A significant increase in

drag over that for the leading-edge installation is apparent; however, the
departure from the line of equality can be attributed in part to the increased
skin-friction drag of the pylon installations.

Installations

ence of store location on drag.

(:) and (:), for a research model, indicate the large influ-
In this particular case, the forward location

led to a very high drag level compared with that for the rearward location.

Installations

(:) to ‘!D

variety of Sparrow installations. The two fuselage mounts

Oy =

(1)FOUR TIP-MOUNTED FALCONS
e~ ==

(2)TWO TIP-MOUNTED FALCONS

(3). six LEADING-

(®)six UNDER-WING
EDGE FALCONS FALCONS

STORE. INSTALLATIONS

=

(5) TWO_ UNDER-WING TANKS

TWO SPARROWS
TANGENT TO FUSELAGE)

TWO SPARROWS

(TANGENT TO WING)

(FORWARD L.OCATION)

FOUR SPARROWS
(WING PYLON)

%T

TWO UNDER-WING TANKS
(REARWARD LOCATION)

Figure 6

' FOUR SPARROWS

(FUSELAGE PYLON)

are for a model of a current fighter airplane with a

(@ and ) show

-

@ TWO PHOENIX. MISSILES
{NACELLE PYLON)

——
~

'@ TWO PHOENIX MISSILES
{FUSELAGE PYLON)



considersbly ilesd’ drag pehalty thah tHe cdfredponding store wing mounts and
s respectively. Installiations and are pylon mounts on the engine
nacelies and on the fuselage. The fuselage mount (:) shows an appreciably

smaller drag penalty than the nacelle mount .

3 - B

It can be seen that, for the supersonic range in particular, not only the
type of installation but also its location on the aircraft can considerably
affect the magnitude of the drag. For the supersonic range, consideration of
the store in the design of the aircraft using area-rule techniques would cer-
tainly be of benefit.

Some of the installstions mentioned are perhaps worthy of further comment.
Figure T presents experimental results for a tangent-mounted store installation
.and a_pylon-mbunted installation. The increment of drag for the tangent-mounted
store is approximately the estimated amount for skin-friction and base drag.

The added increment for the pylon is, however, considerably more than can be
attributed to skin-friction drag. The reason for this phenomenon is, at pres-
ent, unknown, although it is probably assoclated with the amount of the store
submerged within the boundary layer. In addition, the pylon was rather blunt
and there may be some mutual interference effects among the store, pylon, and
airplane.

Figure 8 shows data from reference 6 for a research model with a large
store semisubmerged in the fuselage. Data are presented for the clean configu-
ration, that is, with the cavity faired, for the configuration with the store
installed, and for the configuration with the open cavity after ejection of the
‘store.

In many store installations of the semisubmerged type, the cavity remaining
after ejection of the store may cause a drag penalty greater than that of the
installed store.. However, for this model, the cavity was designed by using
area-rule considerations to prevent such a drag penalty. Because the cavity
drag can be a significant factor in a semisubmerged store installation, it
should be considered when evaluating an installation of this type.

TANGENT AND PYLON INSTALLATIONS

SEMISUBMERGED STORE INSTALLATION

05 STORES OFF

_———~PYLON MOUNT __%ﬁ__ -
O  TANGENT MOUNT _—____ S —_————S
048l // [ o4
o3| 03
Coo | - e - S ——
TANGENT -
o2} o ANGE MOUNT Cpo 02} C_ I LT e )
—————  CAVITY FAHRED
ol ——- = B AR
: PYLON MOUNT
e 1 ] . ] n L ' oLt y v
06 7 8 9 10 1 iz i3 ° oo, e b

Figure 7 Figure 8
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Figure 9 presents data ‘for’a’ tandem store installation consisting of two
rows of three tandem-mounted stores. . On the left side of the figure is shown
the gross drag increment for the one, two,
and three store pair installations over

the Mach number range from 0.6 to 0.9. On TANDEM STORE INSTALLATION

STORE

the right side of the figure is shown the ACp, min PalRs BCo,1p -

increment in drag due to the addition of 'oosp/ O ke

the last store pair for various Mach num- 2 =

bers. It can be seen that the increment 'OM___/ o

in drag for each additional pair decreases. ool ; oozt M

For a blunt-nosed, blunt-based store, this e Bl e 1

type of installation should be of consider- L ) . | o A

able benefit. M ' store PaR
Figure 10 is concerned more with Figure 9

individual stores than with store instal-

lations. The data are from reference 7. EFFECTS OF STORE NOSE BLUNTNESS

The installation consists of 16 stores, A2p '

9 in the free stream and 7 tandem mounted.

The drag increment of the installation is "°( 2 SINGLE ‘

quite large; however, a significant increase ok '\ N3 =006

is noted for a change in corner radius of ' o< TANDEM, 4 T——T=t-028

the stores. This increment remained rela- os [ANDEM,6 °

tively constant over the Mach number range Cp,min
of the tests. This figure illustrates the o4

basis of the store drag problem, that is, ___js; AND
if it is necessary to hang a multitude of o2f - PYLONS OFF
stores from the aircraft, then a large drag L
penalty will likely exist. In this case, o6 7 .8

the drag of the configuration was more than 1
doubled by the addition of stores. Figure 10

ok

CONCLUDING REMARKS

Analytic methods have been shown to give e reasonably good estimate of the
drag increment due to the addition of external stores. The drag penalty due to
the addition of stores in the subsonic speed range has been shown to depend in
part on the type of installation; the lowest drag penalty is associated with a
semisubmerged installgtion and the largest drag penalty with a multiple-rack
installation. At supersonic speeds, the drag of the store depends not only on
the type of installation but also on the store location. TUse of the analytic
methods through area-rule considerations offers promise of drag reduction in
the supersonic flight regime. Other factors to bPe considered in the reduction
of store drag are tandem store arrangements and the effects of the shape of the
store itself.

Langley Research Center,
National Aeronautics and Space Administration,
lLangley Station, Hampton, Va., May 24, 1966,
126~13~03-22-23.
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